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D a t a o n th e T i m e C o u r s e o f  Retrieva l 

Pete r  A .  Nobe l  an d Richar d M .  Shiffri n 
Indian a Universit y 

Bloomington ,  I N 4740 5 
pnobel®ucs.ii\dian a .ed u 

shiffrin@ucs.indiana.ed u 

Abs t rac t 

Reaction time distributions in recognition con-

dition s wer e compare d t o thos e i n cue d recal l  t o 

explor e th e tim e cours e o f  retrieval ,  t o tes t 

cvirren t  models ,  an d t o provid e constraint s fo r 

th e developmen t  o f  n e w model s (including ,  t o 

tak e a n example ,  th e clas s o f  recurren t  neura l 

nets ,  sinc e the y naturall y produc e reactio n tim e 

predictions) .  T w o differen t  experimenta l  para -

d igm s wer e used .  Result s fro m a  fre e respons e 

procedur e showe d fundamenta l  difference s 

betwee n th e tw o tes t  modes ,  bot h i n m e a n 

reactio n tim e an d th e genera l  shap e o f  th e 

distributions .  Analysi s o f  dat a fro m a  signal-to -

respon d procedur e reveale d larg e difference s 

betwee n recognitio n an d recal l  i n th e rat e o f 

growt h o f  performance .  Thes e result s sugges t 

th e existenc e o f  differen t  processe s underlyin g 

retrieva l  i n recognitio n an d cue d recall .  O n e 

model  posit s paralle l  activatio n o f  separat e 

m e m o ry traces ;  fo r  recognition ,  th e s u m m e d 

activatio n i s use d fo r  a  decision ,  bu t  fo r  recal l  a 

searc h i s  base d o n sequentia l  probabilisti c 

choice s fro m th e traces .  Furthe r  constrainin g 

model s w a s th e observatio n o f  nearl y identica l 

reactio n tim e distribution s fo r  positiv e an d 
negativ e response s i n recognition ,  suggestin g a 

singl e proces s fo r  recognitio n decision s fo r  tar -

get s an d distractors . 

I n t r oduc t i o n 

Neural net and connectionist models have 

focuse d m o r e o n storag e an d representation s 

tha n o n retrieval ,  ye t  th e niimbe r  o f  retrieva l 

modes ,  an d th e natur e o f  each ,  i s o f  crucia l  im -

Thi s researc h wa s supporte d b y gran t  AFOSR90-021 5 t o th e 
Institut e fo r  th e Stud y o f  Human Capabilities ,  an d b y grant s 
N I MH 1271 7 an d AFOSR 87008 9 t o th e secon d author . 

portanc e t o modeler s o f  memory .  I n th e presen t 

researc h w e explor e th e tim e cotirs e o f  retrieva l 

i n orde r  t o as k whethe r  recognitio n an d cue d 

recal l  ar e carrie d ou t  b y simila r  mecha-nism s (i n 

studie s tha t  matc h th e respons e tim e require -

ment s o f  th e tw o tasks) ,  t o as k whethe r  positiv e 

an d negativ e recognitio n response s ar e th e resul t 

of  a  singl e process ,  an d t o explor e th e dynamic s 

of  m e m o r y access .  Th e issu e i s o f  con-temporar y 

interes t  give n tha t  m a n y neura l  ne t  models , 

particularl y o f  th e recurren t  variety ,  provid e 

natura l  respons e tim e predictions . 

I n a  typica l  long-ter m m e m o r y experiment , 

subject s ar e presente d durin g a  stud y phas e wit h 

a lis t  o f  item s tha t  ha s t o b e remembered .  I n a 

recal l  tes t  phase ,  subject s hav e t o generat e th e 

item s o f  th e previou s studie d lis t  i n eithe r  a 

rando m order ,  i.e .  fre e recall ,  o r  a  fixed  orde r 

denote d b y th e presentatio n o f  cues ,  i.e .  cue d 

recall .  I n a  long-ter m recognitio n tes t  phase , 

subject s ar e presente d wit h word s tha t  wer e 

eithe r  o n th e lis t  (targets) ,  o r  tha t  ar e n e w (dis -

tractors) .  Th e subject' s tas k i s t o identif y a  wor d 

as "old "  o r  "new" . 

Recognitio n an d recal l  ar e improve d (fo r  bot h 

reactio n time s an d accuracy )  b y increase d stud y 

tim e (se e e.g .  Ratclif f  &  Murdock ,  1976) ,  de -

crease d lis t  lengt h (se e e.g .  Roberts ,  1972) ,  an d 

lessene d dela y and/o r  shortene d distracto r  tas k 

betwee n stud y an d test .  However ,  th e possibilit y 

of  differen t  retrieva l  mechanism s fo r  th e tw o 

task s i s heightene d b y severa l  othe r  findings :  1 ) 

Th e us e o f  word s havin g highe r  natura l  lan -

guag e frequenc y increase s recall ,  bu t  decrease s 

recognitio n (se e Hall ,  1979) .  2 )  Wit h instruction s 

fo r  maintenanc e rehearsal ,  recognitio n improve s 

(Glenber g &  A d a m s ,  1978) ,  bu t  recal l  i s  no t 

m u ch affecte d (se e e.g .  Dar k &  Loftus ,  1976) .  3 ) 

Strengthenin g s o m e lis t  item s (b y extr a stud y 

tim e o r  extr a repetitions )  harm s th e fre e recal l  o f 

othe r  items ,  slightl y reduce s cue d recal l  o f  othe r 

items ,  an d ha s n o effec t  on ,  o r  eve n slightl y 
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helps ,  th e recognitio n o f  othe r  item s (Ratcliff , 

Clark ,  &  Shiffrin ,  1990) . 

M e m o ry model s 

Models that assume the same processes to 
underli e recal l  an d recognitio n predic t  (i n thei r 

simples t  form )  th e sam e reactio n tim e distribu -

tions ,  o r  a t  leas t  th e sam e shape d distributions , 

fo r  th e tw o conditions .  Model s tha t  assum e 

differen t  processes ,  lik e th e Searc h o f  Associativ e 

Memory (SAM )  mode l  (Gillun d &  Shiffrin ,  1984 ; 

Raaijmaker s &  Shiffrin ,  1981 )  ca n predic t 

markedl y differin g distributions . 

I n SAM,  eac h ite m i s store d i n memor y a s a 

separat e image .  Th e image s contai n differen t 

kind s o f  informatio n tha t  i s rehearse d an d code d 

togethe r  i n short-ter m stor e (Raaijmaker s & 

Shiffrin ,  1981) ,  Item s ar e retrieve d fro m long -

ter m stor e throug h th e weighte d strengt h o f 

associatio n betwee n retrieva l  cue s an d store d 

images .  I n particular ,  a  give n image' s activatio n 

i s determine d b y th e multiplicatio n o f  th e 

weighte d strength s betwee n eac h cu e an d tha t 

image . 
Recognitio n involve s a  globa l  familiarit y  pro -

cess ,  i n whic h familiarit y result s fro m a  singl e 

paralle l  proces s o f  activatio n o f  al l  images . 

Memory i s probe d wit h tw o cues :  th e contex t 

cue an d th e teste d item .  Th e familiarit y o f  th e 

prob e i s define d a s th e activatio n cause d b y th e 

tw o prob e cues ,  whic h i s th e su m o f  th e activa -
tion s o f  al l  th e memor y images .  Thi s valu e i s 

compare d t o a  criterio n chose n b y th e subject , 

and "yes"-response s ar e mad e whe n th e fami -
liarit y valu e i s highe r  tha n thi s criterion .  Suc h a 

model  predict s sharpl y peake d respons e tim e 

distribution s an d simila r  distribution s fo r  'old ' 

and 'new '  responses . 

Recal l  involve s a n extende d seria l  search , 

wit h tw o phases :  samplin g an d recovery .  Again , 

memory i s probe d wit h contex t  an d ite m cues . 
The probabilit y  o f  samplin g a  particula r  imag e i s 
it s activatio n strengt h divide d b y th e su m o f  th e 

activation s o f  al l  images .  Afte r  sampling ,  th e 

informatio n i n th e image ,  whic h i s use d fo r  th e 

decisio n an d response ,  mus t  b e recovered .  Th e 

key i s tha t  thi s proces s continue s ove r  an d ove r 

unti l  a  respons e i s foun d o r  th e subjec t  give s up . 

Such a  mode l  predict s respons e time s sprea d ou t 

ove r  lon g tim e periods ,  an d differen t  distribu -

tion s fo r  correc t  recalls ,  intrusions ,  an d th e tim e 

t o 'giv e up* . 

The Composite Hotographic Associative 

RecaU Mode l  ( C H A R M)  (Metcalf e Eich ,  1982 , 

1985)  i s a n exampl e o f  a  mode l  tha t  assume s th e 

same retrieva l  processe s underljdn g recal l  an d 

recognition .  I n C H A R M,  item s ar e represente d 

as featur e vector s an d ar e store d i n a  convolu -

tio n memory .  I f  pai r  A  -  B  i s presented ,  th e 

convolutio n o f  vector s A  an d B  (A'*B )  i s a  vector ; 

i t  i s  adde d t o th e convolutio n o f  A  wit h itsel f 

(A-̂ A) ,  an d th e convolutio n o f  B  wit h itsel f  (B-'B) , 

and al l  thre e ar e adde d t o th e accumulate d 

memory vecto r  fo r  al l  studie d pair s (i f  no t  al l 

pair s eve r  studied) . 

Ther e i s on e retrieva l  process .  I t  operate s b y 

correlatin g th e prob e vecto r  wit h th e memor y 

vector .  I n a  recal l  task ,  th e outpu t  o f  thi s pro -

cess ,  a  vecto r  itself ,  i s  compare d t o a  separat e lis t 

of  word s i n memor y an d th e respons e wil l  b e 

th e bes t  matc h abov e a  certai n cut-of f  o f  activa -

tion .  I n a  recognitio n task ,  th e do t  produc t  o f 

th e outpu t  o f  th e correlatio n proces s wit h th e 

prob e i s taken ,  an d a  positiv e respons e i s mad e 

i f  th e matc h i s abov e a  criterion .  Becaus e 

C H A RM treat s recognitio n th e sam e a s recal l  i t 

does no t  predic t  difference s i n th e latenc y 

distributio n fo r  th e tim e t o retriev e th e trace ;  an y 

difference s woul d hav e t o b e difference s i n th e 

post-retrieva l  processe s o f  matchin g i n recogni -

tion ,  o r  matchin g i n recall . 

Numerou s memor y model s shar e thi s proper -

t y tha t  difference s i n retrieva l  tim e distribution s 
fo r  recognitio n an d recal l  woul d hav e t o b e du e 

t o pos t  retrieva l  operations ;  e.g .  T O D A M 

(Murdock ,  1982) ,  Matri x Mode l  (Pike ,  1984) , 

M I N E R VA (Hintzman ,  1988) ,  an d variou s 

connectionis t  an d nevira l  ne t  model s (e.g . 

McClellan d &  Riimelhart ,  1985) . 

Reactio n T i m e s 

The literature concerning reaction time (RT) in 
long-ter m memor y researc h i s mainl y restricte d 

t o th e recogrutio n paradigm .  Fo r  example , 

Ratclif f  an d Murdoc k (1976 )  foun d increasin g R T 

fo r  bot h hit s an d correc t  rejection s a s a  functio n 

of  outpu t  (test )  position ,  decreasin g R T a s a 

functio n o f  inpu t  (study )  position ,  increasin g R T 
when presentatio n tim e increases ,  decreasin g R T 

when th e numbe r  o f  presentation s increase ,  an d 

increasin g R T a s a  functio n o f  lis t  length . 
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Some evidenc e supportin g th e notio n o f  a 

sequentia l  searc h I n fre e recall  wa s collecte d b y 

Murdoc k an d Okad a (1970) :  Interrespons e time s 

increas e i n a  positivel y accelerate d functio n a s 

recall  progresses ,  interrespons e time s wer e 

shorte r  th e mor e word s wer e lef t  t o recal l  (fo r  a 

fixe d outpu t  position) ,  an d a t  an y give n outpu t 

positio n th e interrespons e tim e i s a  goo d 

predicto r  o f  th e numbe r  o f  word s lef t  t o recall . 

Thus ther e ar e dat a concernin g reaction  time s 

i n recognitio n an d recall  task s separately ;  ther e 

do no t  see m t o b e reaction  tim e dat a whe n bot h 

task s ar e give n t o th e sam e subject s i n simila r 

paradigms .  I n addition ,  Ratclif f  (1978 )  ha s ar -

gue d tha t  testin g o f  model s require s cbse r  look s 

at  th e reaction  tim e distribution s tha n thei r 

centra l  tendencies .  H e suggest s tha t  a t  a  mini -

m um model s shoul d accovm t  fo r  th e shap e o f 

reaction  tim e distribution s (i n particula r  thei r 

skewness) ,  an d specif y th e relationship  betwee n 

spee d an d accuracy .  Ratclif f  an d Murdoc k 

(1976 )  i n fac t  fit  thei r  observe d R T distribution s 

wit h a  convolutio n o f  exponentia l  an d norma l 

distributions .  Ratclif f  (1978 )  the n fi t  hi s mode l  t o 

th e parameter s o f  thes e fitted  distributions . 

For  thes e reasons a  serie s o f  studie s wa s 

designed ,  usin g severa l  methodologie s t o 

measur e reactio n times ,  lookin g a t  th e effec t  o f 

severa l  variable s i n recognitio n an d cue d recal l 

conditions ,  an d measurin g th e entir e reactio n 
tim e distribution . 

Exper iment s 

Ten subjects were presented in the study 

phas e wit h a  lis t  o f  pair s o f  hig h frequenc y 

word s tha t  ha d t o b e remembered.  Th e tes t 

phas e consiste d o f  eithe r  singl e ite m recognitio n 

or  cue d recall .  I n th e recognitio n condition ,  th e 

subject' s tas k wa s t o sa y whethe r  th e tes t  ite m 

was o n th e list ,  an d i n th e recal l  conditio n th e 

subject' s tas k wa s t o recal l  th e othe r  wor d o f  th e 

pair .  Varie d wer e lis t  lengt h (1 0 vs .  2 0 pairs ) 

and presentatio n tim e ( 2 vs .  6  seconds) .  I n orde r 

t o equat e th e deman d characteristic s o f  th e task s 

as muc h a s possible ,  subject s ha d t o pres s on e o f 

tw o key s whe n the y recognize d o r  recalled ,  an d 

pres s th e othe r  ke y i f  the y di d not ;  i n th e cas e o f 

recall ,  a  positiv e respons e ha d t o b e followe d b y 

th e typin g o f  th e wor d recalled,  allowin g u s t o 

asses s accuracy .  T w o differen t  respons e 

procedure s wer e employed .  I n th e fre e respons e 

procedure ,  subject s wer e aske d t o respon d a s 

quickl y an d a s accuratel y a s possibl e afte r  pre -

sentatio n o f  th e tes t  item .  Thi s procedur e i s 

commonl y employed ,  bu t  suffer s fro m th e possi -

bilit y  tha t  subject s migh t  adop t  differen t  strate -

gie s (e.g .  differin g biase s t o respon d quickly )  i n 

recognitio n an d recall .  I n th e signal-to-respon d 

procedur e ,  whic h control s fo r  thes e strateg y 

differences ,  th e subject s wer e tol d no t  t o respon d 

unti l  a  signa l  wa s give n ( a tone )  an d the n t o 

respond  a t  onc e (withi n 30 0 ms) .  Th e delay s 

unti l  th e sigiw l  range d i n te n step s firom  10 0 m s 

t o 450 0 ms . 

Result s Bearin g o n Recognition / 

Recal l  Difference s 

We give representative results because a 

complet e accovmtin g woul d literall y  requir e him -

dred s o f  figures.  Th e demonstrate d findings 

hol d fo r  th e condition s no t  show n (unles s other -

wis e stipulated) .  Figur e 1  show s th e reaction 

tim e distribution s fo r  correc t  recognition s o f  ol d 

word s (hits )  an d fo r  correc t  recalls :  Th e recal l 

distributio n ha s a  large r  mean ,  large r  variance , 

large r  skewing ,  an d extend s ove r  th e entir e tim e 

cours e o f  retrieva l 

c 
.o 
k. 
o 
o. 
o 

0. 3 -

0. 2 -

0. 1 -

0. 0 -

-

1 1  1 

\ 

\ 

• V . 

—L 1  —•  1  -  -- 1 -

Recognitio n 1 
Recal l  i 

j 

H 

— - 1 
0 100 0 200 0 300 0 400 0 500 0 

Reaction Time (ms) 

Figur e 1 .  Reactio n tim e distribution s fo r  correc t  recognition s 
(mean RT=710 ;  s t  dev.=299) ;  median=630) ,  an d correc t  recall s 
(mean RT=1386 ;  s L dev.=769 ;  median=1163) . 

Figure 2 shows the reaction time distributions 

fo r  incorrec t  recognition s o f  n e w item s (fals e 

alarms) ,  an d for  recall s o f  lis t  item s fro m othe r 

pairs ,  or ,  les s common l y ,  non-lis t  item s (al l 

terme d intrusions) :  fals e alarm s i n recognitio n 

hav e a  relatively  lo w m e a n reaction  tim e an d 

variance ,  wherea s intrusior a i n recal l  see m t o 

hav e a n almos t  unifor m distribution . 
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Figur e 2 .  Reactio n tim e distribution s fo r  fals e alann s (mea n 
RT=818;  St .  dev.=439 ;  median=689) ,  an d intrusion s (mea n 
RT=2381;  st .  dev.=1142 ;  median=2320) . 

The signal-to-respond results can be used to 

asses s th e possibilit y  tha t  thes e larg e differer\ce s 

migh t  b e du e t o differin g strategie s o r  biase s i n 

recognitio n an d recall .  Presumabl y th e subjec t 

wil l  respon d wit h whateve r  informatio n i s avai -

labl e a t  th e tim e o f  th e signal ,  whethe r  recog -

nitio n o r  recal l  i s  bein g tested .  Thi s procedur e 

produce s dat a o f  a  somewha t  differen t  sort :  Th e 
growt h o f  accurac y i s measure d a s a  functio n o f 

th e signa l  delay . 

Examinatio n o f  typica l  retrieva l  function s fo r 

recognitio n m e m o r y show s a n initia l  perio d o f 

chanc e performance ,  followe d b y a  perio d o f 

rapi d increase s i n accuracy ,  an d finally ,  a s retrie -

val  tim e i s furthe r  increased ,  accurac y reache s 

asymptot e (se e e.g .  Dosher ,  1984) .  Thes e 

functioi « ca n b e describe d b y a n exponentia l 
approac h t o a n asymptot e wit h 3  parameters :  a n 

asymptoti c accurac y paramete r  tha t  reflect s 

m e m o ry informatio n limitations ,  a n intercep t  (a t 

whic h p>oin t  accurac y firs t  rise s abov e chance) , 

an d a  rat e o f  ris e fro m chanc e t o asymptote .  Th e 

dynamic s o f  retrieva l  i s  summarize d b y th e 

intercep t  an d th e rat e parameter .  Thi s result s i n 

a descriptio n o f  th e leve l  o f  performance ,  d '  fo r 

recognitio n an d P(c )  fo r  recall ,  a s a  functio n o f 

tota l  processin g time ;  i.e .  delay-of-signa l  plu s 
respons e time . 

Figure s 3  an d 4  s h o w performanc e (observe d 

an d predicted )  a s a  functio n o f  tota l  processin g 

tim e fo r  recognitio n an d recal l  respectively , 

alon g wit h th e bes t  fittin g exponentia l  fimction s 

(d'(t) ,  o r  P(c,0=X(l-expl-P(t-8)l ,  fo r  t-8>0 ,  an d 0 
elsewhere ;  i n whic h X  i s th e asymptote ,  P  th e 

rate ,  an d 8  th e intercept) .  I t  i s  clea r  tha t  pro -

cesse s underlyin g th e dynamic s o f  retrieva l  ar e 
quit e different :  Performanc e i n recognitio n i s 

0 100 0 200 0 300 0 400 0 500 0 

Totol Processing Time 
Figur e 3 .  Recognitio n performanc e ,  d' ,  a s a  functio n o f  tota l 
processin g tim e i n m s (X=2.06 ;  p=.00503 ;  1/P=199 ;  6=373) . 

0. 6 

a! 

0 100 0 200 0 300 0 400 0 500 0 

Total Processing Time 

Figur e 4 .  Recal l  performance ,  P(c) ,  a s a  functio n o f  tota l 
processin g tim e i n m s (X̂ .48 ;  P=.00161 ;  1/P=621 ;  8=46) . 

characterized by a very fast rate of growth and 
asymptoti c performanc e i s reache d fairl y quickly , 

wherea s recal l  performanc e show s a  m u c h m o r e 

gradua l  approac h t o asymptote .  Thes e differen -

ces ar e reflecte d i n th e parameter s o f  th e bes t 

fittin g functions . 
Suc h result s ar e generall y consisten t  wit h a 

tw o proces s vie w o f  retrieval ,  suc h a s th e S A M 

model ,  i n whic h th e recal l  proces s i s sprea d ou t 

i n time .  Th e unitar y retrieva l  model s wou l d 

hav e t o posi t  a  differenc e i n post-retrieva l 

mechanism s t o explai n th e recognition-recal l 

differences .  Fo r  example ,  i n m a n y model s nois y 
informatio n i s retrieve d fro m m e m o r y (i n bot h 

recal l  an d recognition) .  I n recall ,  th e proces s o f 

generatin g a  give n w o r d fro m th e nois y informa -

tio n migh t  tak e a  highl y variabl e amo im t  o f  time , 

wherea s i n recognitio n th e tim e migh t  b e rela -

tivel y fixed  (becaus e onl y a  matc h o f  th e retrie -

ve d trac e t o th e tes t  ite m i s needed) .  I n suc h 

model s i t  wou l d b e necessar y t o develo p a 

model  o f  post-retrieva l  respons e generatio n tha t 
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ca n produc e ver y larg e respons e tim e differen -

ces .  W e ar e currentl y carryin g ou t  empirica l 

test s contrastin g th e retrieva l  tim e an d th e post -

retrieva l  tim e hypotheses ,  bu t  d o no t  ye t  hav e 

th e results . 

Result s Bearin g o n Target / 

Distracto r  Difference s 

0. 3 - -

•^  0. 2 + 
o 
Q. 
O 

o.\ --

0. 0 

Hit 
-  -  Correc t  Rej . 
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Figur e 5 .  Reactio n tim e distribution s fo r  hit s (mea n RT=710 ; 
St.  ciev.=299 ;  median=630) ,  an d correc t  rejection s (mea n 
RT=792;  s t  dev=334 ;  median=695) . 
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Figur e 6 .  Reactio n tim e distribution s fo r  fals e alarm s (mea n 
RT=818;  St .  dev.=439 ;  median=689 )  an d naisse s (mea n 
RT=870;  St .  dev.=458 ;  median=:739) . 

Returning to the free response data, we con-

side r  th e distribution s fo r  positiv e an d negativ e 

response s i n recognitio n (Figure s 5  an d 6) . 

W h en th e response s ar e correc t  (hit s an d correc t 

rejections) ,  th e distribution s s h o w smal l  dif -

ference s i n bo t h th e m e a n s a n d th e shape .  W h e n 

thes e ar e incorrec t  (fals e alarm s an d misses) ,  th e 

distribution s diffe r  slightl y i n thei r  m e a n s ,  bu t 

ar e identica l  i n shape .  M o d e l s tha t  us e quit e 

differen t  processe s fo r  target s a n d distractor s 

migh t  fin d suc h dat a difficul t  t o predict .  O n th e 

othe r  hand ,  carehi l  theoretica l  w o r k i s neede d t o 

verif y constraint s suc h dat a plac e o n models . 

For  instance ,  i n th e Resonanc e M o d e l  (Ratcliff , 

1978 )  i t  i s  a s s u m e d tha t  a  prob e i s encode d a n d 

the n c o m p a r e d I n paralle l  wi t h eac h ite m i n 

m e m o r y .  Eac h Individua l  compar iso n i s d o n e b y 

a r a n d o m w a l k process ,  a n d a  positiv e decisio n 

i s m a d e w h e n a n y o f  th e paralle l  compar ison s 

terminate s wit h a  m a t c h (self-terminatin g 

search) ,  a n d a  negativ e decisio n I s m a d e w h e n 

al l  th e compar ison s terminat e wit h a  noiunatc h 

(exhaustiv e search) .  W i t h appropriat e auxilliar y 

assumpt ion s h e w a s abl e t o s h o w tha t  th e m o d e l 

coul d predic t  hi t  a n d correc t  rejectio n distribu -

tion s tha t  ar e a t  leas t  reasonabl y simila r  i n form . 

c 

o 
a. 
o 

-  -  Correc t  re i 

100 0 400 0 500 0 

Tota l  Processin g Tim e 

Figur e 7 .  Accurac y growt h curve s fo r  hit s an d correc t  rejec -
tion s a s a  functio n o f  tota l  processin g tim e (i n ms) . 

-  -  Correc t  re j 

100 0 200 0 300 0 400 0 500 0 

Dela y o f  Signa l 

Figur e 8 .  Accurac y growt h curve s fo r  hit s an d correc t  rejec -
tion s a s a  functio n o f  dela y o f  signa l  (i n ms) . 

A sharp eye actually reveals that the distribu-

tion s ar e no t  quit e identical .  T h e poin t  i s 

reveale d m o r e clearl y i n th e signal-to-respon d 

data .  Figure s 7  a n d 8  giv e th e accurac y g rowt h 

curve s for  hit s a n d correc t  rejectioi B measure d i n 
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tw o way s (i n Figur e 7 ,  th e absciss a include s bot h 

th e tim e unti l  th e signa l  an d th e subsequen t  tim e 

neede d t o respond) .  Bot h method s sho w tha t 

hit s star t  risin g soone r  tha n correc t  rejectbns, 

and com e togethe r  soo n thereafter .  Mor e 

researc h i s neede d t o asses s whethe r  thi s 

differenc e i s du e t o a  bia s t o respon d 'old '  unde r 

spee d stress ,  o r  i s du e t o a  real  processin g dif -

ference .  Whicheve r  i s th e case ,  th e remarkable 

similaritie s o f  th e targe t  an d distracto r  distribu -

tions ,  an d targe t  an d distracto r  signal-to-respon d 

curves ,  provid e stric t  an d informativ e constraint s 

fo r  model s o f  retrieval 

Genera l  Conclusion s 

We have presented experimental data bearing 

on th e tim e cours e o f  retrieval  i n bot h recogni -

tio n an d cue d recall ,  usin g R T distribution s fo r 

fre e respons e tasks ,  an d accurac y growt h curve s 

i n signal-to-respon d tasks .  Th e larg e difference s 

betwee n recognitio n an d recal l  sugges t  th e exis -

tenc e o f  distinc t  processe s underlyin g retrieval  i n 

th e tw o paradigms .  However ,  w e ar e carryin g 
out  furthe r  experiment s t o se e whethe r  th e 

difference s ca n b e explaine d i n term s o f  a  post -

retrieva l  "clean-up "  proces s i n recal l  (e.g . 

Metcalf e Eich ,  1982) .  I n addition ,  target s an d 

distractor s hav e nearl y identica l  R T distributions , 
and fairl y simila r  accurac y growt h aarves .  Thi s 

suggest s a  singl e proces s fo r  recognitio n judg -
ment s fo r  target s an d distractor s (suc h a s sum -

matio n o f  activatio n i n SAM) ,  an d provide s 

genera l  constraint s fo r  futur e mode l  develop -
ment . 
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